The fact that drugs can interfere with clinical chemical testing has been well documented in the recent literature (1) (2) (3) (4) (5) . Of all drug compounds, antibiotics, especially, might be expected to be troublesome in this regard because they frequently are administered in large amounts. Because the cephalosporins ( Figure 1 ) are widely prescribed antibiotics (6),we chose to evaluatethem for interference with commonly performed clinical chemistry tests. Reports have appeared describing interferences by certain of these compounds with urinary protein and urinary glucose (copper-reduction methodology) determinations (7, 8) . ' One of these compounds, cephalothin, has also been observed to be a positive interferant in a urine 17-ketosteroid determination (9) . In our preliminary investigations of the cephalosporins for interferences, we noted that some of them reacted with alkaline picrate [Jaff#{233} procedure (10) 1 to give a creatinine-like reaction. Because of the critical importance of the creatinine determination for the assessment of renal function, we decided to study the magnitude and cause of this interference.
Materials and Methods
The automated creatinine procedure used in these studies was performed on the Programachem 1040 analyzer (American Monitor Corp., Indianapolis, md. 46268) with use of a reagent containing 1.2 g of picric acid, 8.4 g of NaCI, 2.8 g of NaOH, and 0.5 ml of the surfactant "Brij-35" per liter. In this procedure, 150 p1 of sample was added to 4.0 ml of alkaline picrate reagent and allowed to stand for 8 mm at ambient temperature, at the end of which time the absorbance was measured at 505 nm. 
Results and Discussion
The magnitude of the creatinine-like response given by certain cephabosporin compounds in the automated creatinine procedure is shown in Table 1 . In contrast to the compounds listed there, the following closely related drugs gave negative or very slight responses under the same assay conditions: penicillin G, cefazolin, cephalexin, cephradine, cefamandole, and cephapirin. It is noteworthy that on a molar basis the magnitude of the creatinine-like response is much less than that given by creatinine itself (10 mmol/liter gives a response equivalent to 1131 mg of creatinine per liter). However, appreciable concentrations of cephalosporins can appear in blood and urine, because administration of 10 g/day or more of these compounds is not uncommon. Concentrations in blood of 1 g/liter have been achieved for cephalothin in one patient (Lilly Research Laboratories, unpublished data). Cephalothmn in this concentration would afford an increase in apparent creatinine concentration of about 19 mg/liter. Table 2 shows results given by a pooled sample of serum in which sodium cephalothin was dissolved before analysis by to serum proteins (6) , and it also would diffuse across the dialysis membrane more slowly than creatinine because of its greater molecular weight. The reaction of cephalothin with alkaline picrate appears not to be affected by serum proteins, because the creatinine-like reactivity seen in the Programachem procedure in Table 2 (protein present) is about the same as that in Table 1 (no protein present) with 1.0 g of cephalothin per liter being equivalent to 18 mg of creatinine per liter.
Because we thought it to be of interest to discern the nature of the creatinine-like reactivity, we attempted to determine which portion of the cephalosporin structure might be responsible for the reaction with alkaline picrate. Apparently, the cephem nucleus (composed of the dihydrothiazine and /1-lactam rings) alone is not responsible for the reaction, because this structure is common to all the cephalosporins whereas only those compounds listed in Table 1 (of those we tested) give the creatinine-like response. We did decide, however, to treat certain of the reacting cephalosporins with a 3-lactamase preparation to determine the effect of disruption of the fl-lactam ring on the reactivity with picrate. The results (Table 3) indicate that complete or partial hydrolysis of this structure does abolish or lessen the creatinine-like reaction.
Apparently, hydrolysis of the 9-lactam ring of cephaloglycine is incomplete under these conditions. Note that neither cefoxitin, which is resistant to -lactamase, nor creatinine lose any of their reactivity. Therefore, it would appear that the 3-lactam ring itself is not responsible for the creatinine-like reaction because all cephalosporins contain We also observed that several of the compounds that we tested and found reactive contained a thiophene side chain.
To investigate the possibility that this structure might be reactive in those compounds that contain it, we tested 10 mmol/liter solutions of thiophene, thiophene carboxylic acid, and thiophene carbonitrile under the same conditions as for the studies in Table 1 , but saw no reaction. Studies on the stability of the cephalosporins in basic solutions have been done (11), and we see no apparent correlation between lability in basic medium and the creatinine-like reaction. The nature of the reaction with alkaline picrate is unknown, but presumably a species such as that described by Butler (12) may be formed. Figure 2 shows the time courses of the reactions with alkaline picrate for positively reacting compounds and for creatmine itself. Concentrations were chosen so as to provide about the same final absorbances after 10 mm. The time course is somewhat different for each compound, but in every case the cephalosporin reacts more rapidly under these conditions than does creatinine itself. In a separate series of experiments, we incubated these compounds in alkali alone for various time intervals before adding picric acid. Preincubation with alkali for times of from 0 to 20 mm indicated a lessening of the absorbance obtained 10 mm after addition of picric acid, and that this decreasewas proportional to the duration of preincubation. Presumably, this is a result of the decomposition of the cephalospormnsin the alkaline solution (11) . It should be mentioned that cephaloglycin is quite labile in base and will spontaneously produce absorbance at 505 nm in alkali alone; however,the absorbanceseenafter 8 mm is about 30% of that observed with picrate simultaneously present.
Absorbance spectra for the cephalosporin.-picrate chromogens were determined on the Cary 15 spectrophotometer with use of the solutions of Figure 2 . These spectra were identical for each drug and wereindistinguishable from the creatinine-picrate spectrum. Figure 3 indicates that absorbance at 505 nm disappears more slowly when acid is added in the caseof cephalothin than in the case of creatinine. Disappearance of absorbance upon addition of acid has been proposed as a means to make the Jaff#{233} reaction more specific (13) , but it does not avoid the cephalothin interference, because some absorbance is also lost with this compound. The results presented here indicate that certain of the cephalosporins can give a creatinine-like response with alkaline picrate by an as-yet-unknown mechanism. The magnitude of this interference can vary from negligible to appreciable, depending on such factors as amount of antibiotic administered and the renal function of the patient. Interference is greater in "direct" creatinine methods than in those procedures that include a dialysis step. Although several "kinetic" creatinine methods have been devised, in which the attempt is made to achieve specificity by isolating the reaction due to creatinine from that causedby faster-or slower-reacting components (14, 15) , the studies shown in Figure 3 indicate that the cephalosporin interference cannot be avoided in this manner. Only the development of a completely creatinine-specific methodologywill avoidthistype of interference entirely. The fact that interferences of this nature exist is a strong argument forthe use of methods specific for the substance of interest.
